Objective: The Cognitive Performance Scale (CPS) is generated from five items of the interRAI/ Minimum Data Set instruments, a comprehensive geriatric assessment method. CPS was initially designed to assess cognition in residential care, where it has shown good psychometric performance. We evaluated the performance of the interRAI Acute Care in identifying cognitive impairment among patients hospitalized on acute geriatric wards. Methods: An observational study was conducted on two geriatric wards. Trained raters independently completed the interRAI Acute Care and the Mini-Mental State Examination (MMSE) in 97 inpatients (85 AE 5 years; 67% female). The level of agreement between CPS and MMSE was explored using comparisons of means, agreement coefficients, and diagnostic accuracy. Results: Cognitive impairment was present in 61% of the participants. Average MMSE scores were significantly different between groups with low CPS scores compared with those with high CPS scores (p <0.05). CPS explained only 48.8% of the variability in MMSE. Agreement in defining cognitively impaired subjects was moderate (percentage observed agreement, 68%; k ¼ 0.41). With MMSE score less than 24 as a gold standard, diagnostic accuracy of CPS was moderate (area under curve ¼ 0.73), with low sensitivity, but excellent specificity. When lowering the MMSE cutoff to less than 18 and focusing on patients with severe cognitive impairment, CPS agreement coefficients and sensitivity increased but specificity decreased. Using education-adjusted MMSE cutoffs did not substantially affect the results. Conclusion: CPS can be used for coarse triage between intact and severe cognitive impairment. Although promising results have been obtained in residential and community settings, our results suggest that CPS fails to differentiate across different levels of cognitive impairment in hospitalized geriatric patients. (Am J Geriatr Psychiatry 2013; 21:636e645) 
C ognitive impairment is common in elderly inpatients. Acute cognitive decline is often a first indicator of an underlying somatic imbalance (e.g., dehydratation, urinary incontinence). 1 Studies have shown cognitive impairment to be associated with increased mortality and morbidity, higher rehospitalization rates, and higher rates of cognitive and functional decline during 2, 3 and after hospitalization. 3e6 Diminished or altered cognitive functioning is often perceived as an inevitable consequence of the ageing process, and thus underrecognized. 1, 7 This may affect the effectiveness of treatment and interventions, and increase the length of hospitalization. 1 Systematic cognitive screening of all older inpatients with subsequent detailed in-depth assessment and documentation of the cognitively impaired person may reduce the risk of adverse outcomes and delay institutionalization. Screening for cognitive dysfunction in the elderly population can be carried out by various instruments, including the Cognitive Performance Scale (CPS), a scale that is typically incorporated in a global geriatric assessment and evaluates cognitive functioning as a subdomain of overall functioning. It is based on a subset of five items of the interRAI/Minimum Data Set instruments and was originally developed to evaluate cognitive functioning in a residential population. 11 In residential care, studies have shown good agreement between the Mini-Mental State Examination (MMSE) and CPS. 11e16 In recent years, the interRAI portfolio has expanded to various care settings such as palliative care, acute care, posteacute care, and so forth. A key advantage of the interRAI portfolio is that it uses a uniform language across health professions and across care settings. 17 On the basis of standardized items, (cognitive) functioning of the patient can be followed over time. This implies psychometric challenges, because effective communication in transitional care demands solid psychometric fundaments to rely on. Although promising results have been obtained in psychometric testing in residential care, performance of the CPS in the acute setting may be only moderate. 18 In this context, psychometric research in acute care is an important research topic for several reasons. First, in various nations, the use of the interRAI portfolio, including the interRAI Acute Care (interRAI AC) instrument, has continued to grow. Second, to date, all studies that have tested the agreement between MMSE and CPS have been based on the initial CPS algorithm. However, with the restructuring in 2005 of the inter-RAI Suite, CPS was modified into the CPS 2 version. To the best of our knowledge, this is the first study to evaluate the performance of the CPS 2 scale. Our aim was to explore agreement and interchangeability of the recent CPS as a part of the interRAI AC instrument with MMSE in patients admitted to acute geriatric wards.
METHODS

Design and Sample
An observational study was conducted using a convenience sample of patients admitted to two geriatric wards of the Leuven University Hospitals, Leuven, Belgium. Patients aged 75 years or older who were present on the predetermined assessment days between November 2009 and April 2010 were recruited consecutively between 24 and 48 hours after admission. Patients not speaking Dutch, not verbally testable, or transferred from another ward were excluded.
Assessment of Cognitive Functioning
Cognitive functioning at hospital admission was assessed by two trained assessors not directly involved in the care of the patient. One assessor completed the MMSE. 19 The other assessor completed the comprehensive interRAI AC/Minimum Data Set. 20 The assessors were blinded to each others' results and were not allowed to exchange information. The purpose of the CPS is twofold. On the one hand, it aims to identify patients with cognitive impairment. In the current analysis, the usual cutoff of 2 points or more was used to define the presence of cognitive impairment. 12 On the other hand, it aims to map fluctuations and severity of cognitive (dys) functioning by calculating scores ranging from 0 to 6, with higher scores indicating higher cognitive impairment.
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In a 6-hour training program, the standardized scoring criteria of the interRAI AC manual 23 and the use of the MMSE were explained to four assessors, and fictive cases were discussed. In addition, five reallife practice cases were independently scored on the basis of one interview and subsequently discussed to ensure that adequate agreement was attained. These were excluded from the study sample. The study protocol and the written informed (proxy) consent procedure was approved by the Medical Ethics Committee of the Leuven University Hospitals, Belgium.
Demographic and Clinical Variables
Patient characteristics (age, gender, residential status, living arrangement) and clinical data (main reason for admission, medication, etc.) were collected using the interRAI AC.
Statistical Analysis
Descriptive statistics were expressed in percentages for nominal variables; means and standard deviations (or medians and quartiles in case of skewed distributions) were calculated for continuous variables. The association between MMSE and the CPS, the level of agreement between them, and the predicted value of CPS for MMSE were explored using correlations, analysis of variance (ANOVA), agreement coefficients, and diagnostic accuracy.
The Spearman correlation coefficient was calculated for the raw scores. One-way ANOVA analysis was used to compare the mean MMSE scores in the various CPS groups. Post-hoc pairwise comparisons are based on the Tukey HSD (honestly significant difference) post-hoc test.
The classification into "cognitive impaired" (e.g., MMSE 23 and CPS !2 versus "not cognitive impaired" (e.g.,MMSE!24 and CPS 1) was explored using observed agreement in tandem with k coefficients. The proportion of observed agreement (P o ) is the ratio of exact agreement between the two instruments in function of the total number of assessments.
Cohen's k coefficient is a measure of agreement between two instruments, corrected for chance. (i.e., P o , k) can be due to bias and prevalence effects. 25e27 The prevalence of scores affects the stability of k. If the ratings of the sample of patients lack variability (i.e., are homogeneous), it is unlikely that K will be close to the maximum score of 1. This phenomenon is independent of the sample size. Therefore, the prevalence index is calculated 28 : the absolute value of the difference between the number of cases rated as positive by both methods A and B, and the number of cases rated as negative by both methods A and B; divided by the total number of assessments. Bias is the extent to which the methods disagree on the proportion of cases in a specific category. It may be identified by tendencies of methods to have systematically different classification patterns. Bias affects the interpretation of the magnitude of K. When the bias is large, k tends to be higher than when bias is low or absent. 25, 29 The bias index is calculated 28 : the absolute value of the difference between the number of cases rated as positive by method A and negative by method B, and the number of cases rated as negative by method A and positive by method B; divided by the total number of assessments. Diagnostic accuracy was calculated by sensitivity, specificity, positive and negative predictive value, likelihood ratio of a positive and a negative test, overall accuracy and area under the receiver operating characteristic curve (AUC) for the CPS with the original cutoff score (!2) and alternative cutoffs on 2-by-2 tables.
Additional analyses with corrections for education level were performed for 7 low-educated patients out of the total sample of 97 patients by lowering the cutoff to MMSE score of 21 or less, corrections were performed for 3 high-educated patients by increasing the cutoff to MMSE score of 24 or less (in stead of 23).
All tests were two-sided and p <0.05 was used as a level of significance. Analyses were performed with SPSS, version 17.
RESULTS
Sample
A total of 129 older patients admitted to hospital met the inclusion criteria. Eight patients were unwilling to participate. Nineteen were excluded because they were not verbally testable (n ¼ 16), because of insufficient comprehension of Dutch (n ¼ 1), or infectious diseases requiring isolation (n ¼ 2). Five patients discontinued the study because of very poor health condition (e.g., extreme pain, fatigue, dyspnoea). The mean age of the 97 included patients was 85.5 years, and the majority was female. Main reasons for admission were respiratory problems, functional decline, trauma/falls, and gastrointestinal problems ( Table 1 ). The mean MMSE score was 19 (SD: 8) and cognitive impairment (e.g., MMSE 23) was present in 61% of the participants. Participants with cognitive impairment as measured with the CPS did not differ from participants without cognitive impairment on demographic, social, and clinical characteristics, except for a significant difference in the mean MMSE score (Table 1) .
Convergent Validity of the CPS and MMSE
Descriptive analyses and ANOVA. Overall, the higher the CPS level the lower the mean MMSE score (Table 2) . However, the mean MMSE scores for CPS levels 2, 3, and 4 were similar (15 AE 7, 14 AE 6, 14 AE 8, respectively). These findings, based on descriptive analyses, were confirmed by ANOVA, showing an overall significant difference of mean MMSE score on levels of CPS score, (F [6, 90] ¼ 14.3, p <0.0001) . Posthoc testing revealed that the mean of the group with CPS score 0 was not significantly different from the mean of the group with CPS score 1, but significant differences in means were observed with the groups with CPS scores 2e6. Furthermore, the mean of the group with CPS score 1 was not significantly different from the group with CPS scores 2 and 4, but it was significantly different from the group with CPS scores 3, 5, and 6. The mean of the group with CPS score 2 was not significantly different from the groups with CPS score 1e6 but only significantly different from the group with CPS score 0. The means of the groups of the CPS score 3, 5, and 6, were significantly different from the means of the group 0 and 1. Some 49% of the variation in MMSE scores (R 2 ) was explained by the CPS scores. The pooled within-groups standard deviation was 5.78, reflecting a large variation around the mean MMSE score within each CPS group. This is graphically presented in Figure 1 . Diagnostic accuracy. With MMSE score less than 24 as a traditional gold standard for cognitive impairment, the overall diagnostic accuracy of the CPS at a cutoff 2 was moderate, with low sensitivity, but excellent specificity (Table 3) . Lowering the CPS cutoff to 1, increased the sensitivity but reduced the specificity. Increasing the CPS cutoff to 3 resulted in the opposite effect. When lowering the MMSE cutoff (MMSE <18) and considering patients with severe cognitive impairment, agreement coefficients for the usual CPS cutoff (!2) (P o ¼ 80%; k ¼ 0.54, z ¼ 6.01, p <0.0001, 95% CI: .36e0.72), AUC (0.77) and sensitivity (0.68) increased with a specificity of 0.86. By using the education-adjusted cutoffs, similar results were obtained (Table 3) .
DISCUSSION
The aim of this study was to determine whether cognitive assessment by MMSE and CPS are in sufficient agreement to be used interchangeably in acute care. In medical inpatients, we were unable to replicate the good agreement previously shown between both methods in a nursing home population. Our results are in line with another study in an acute care setting, 18 despite significant differences in the prevalence of cognitive impairment (61% in our study versus 32%) and despite the use of a different CPS algorithm (the recent CPS 2 versus the initial CPS). CPS scores were moderately correlated with MMSE scores and accounted for less than 50% of the variation in MMSE scores. This means that only a minor proportion of the variability in MMSE scores can be explained by CPS scores. Although significant differences in average MMSE between various CPS groups were documented in ANOVA analyses, we could not establish significant differences between each level of CPS score. Along the seven levels of CPS scores, only three subgroups were identified, with overlapping CPS score. The implication of these findings is that CPS only discriminates between patients with intact cognitive functioning and severe cognitive impairment, but fails to differentiate across the full spectrum of cognitive impairment. In addition, the within-group standard deviation was large, reflecting substantial variation in MMSE scores within each CPS group. These considerable discrepancies between MMSE and CPS scores are clinically unacceptable. Agreement between MMSE and CPS was also examined by k coefficients, again showing moderate agreement between the two methods, for both the traditional and the education-adjusted cutoff. Although this result was not biased by homogeneity in the sample, it is biased by a systematically different classification pattern between the two cognitive tools. 28 As a result, the magnitude of k is higher, meaning that it must be interpreted with caution. 29 This trend of asymmetric disagreement between the MMSE and CPS was confirmed by a moderate sensitivity despite excellent specificity, resulting in a moderate AUC when the typical CPS cutoff advised was used. Lowering the cutoff value to 1 would identify more cognitively impaired inpatients and also increase the number of false positives. On the basis of these findings, the ideal cutoff value of the CPS remains uncertain. Shifting the cutoff of the gold standard to severe cognitive impairment (MMSE <18), the agreement improved on various parameters except for a slight decrease in specificity, suggesting that CPS and MMSE may be more in agreement when detecting the severe cognitive impaired inpatients. Correction for the level of education did not substantially affect these results. Whatever the types of analyses, it would seem that CPS can be used for coarse triage, but not for differentiation between different levels of cognitive functioning, nor for detailed mapping or follow-up through different levels of cognitive impairment. In other words, these results suggest that if the interRAI portfolio is used in transitional care, CPS scores cannot be validly transferred from one setting to another to track the patients' functioning longitudinally.
In the study of Büla and Wietlisbach, 18 the only other study in an acute setting, findings were generally similar. Sensitivity and specificity values were in line with those reported in this study. However, different results were found for the mean values of the MMSE for each level of CPS, with an increasing trend in MMSE scores for decreasing CPS scores. The use of a different algorithm to calculate CPS cannot explain this discrepancy, because our analyses yielded similar results when CPS 2 was replaced by the CPS 1 (data not shown). It is therefore likely that differences in sample size, data collection, and/or studied population may have been important. In the study by Büla and Wietlisbach, 18 data were collected by a researcher interviewing the responsible nurse whereas our data 12,15,16,30e36 If and to what extent differences in performance of CPS between residential or community settings and acute care is due to differences in population characteristics, underlying acute illnesses, and/or differences in CPS algorithms, remains to be clarified. Our study has strengths and limitations. Strength of this study was the range of parameters and analyses used to evaluate the association, agreement, and diagnostic value, supporting the validity of our results. The use of correlation coefficients to assess the validity of an instrument is disputed because it can be misleading. Correlations are dependent on the range of measurements, on the way the sample was chosen, and typically ignore any systematic difference between the instruments under study.
37e39 Nevertheless, most previous validity studies of the inter-RAI/MDS instruments have relied on correlation coefficients only. If we had only used a similar approach, we might have concluded that MMSE and CPS show good agreement (Spearman r ¼ À0.60, p <0.0001).More profound analyses showed a different picture, as discussed. Finally, the analyses based on dichotomous classification of the patients were both performed by the traditional MMSE cutoff and education-adjusted cutoffs. The former allowed comparison with previous research on the CPS, the latter attempts to decrease the potential for misclassification. 21, 22 A limitation, on the contrary, was the lack of a gold standard for the evaluation of cognitive functioning, which may have led to an artifact. Because cognitive functioning cannot be directly measured, both instruments attempt to indirectly quantify a latent construct. We assessed the agreement between two methods but could not address the underlying question if CPS adequately measures (different levels of) cognitive functioning. Although MMSE is widely used as a reference, it is by no means a perfect standard of cognitive functioning. Also, because using MMSE comes with practical limitations, some patients with severe illness or severe confusion are typically excluded, which may result in sampling bias. Finally, prevalence of cognitive impairment in our study was larger (62%) than expected for this type of population, 5, 40, 41 probably because patients were recruited on geriatric wards, instead of general medical wards. We cannot exclude the possibility that this high prevalence may have affected the results. The development of the interRAI instruments and embedded scales are an ongoing process and we suggest that more research is needed to adapt the CPS algorithm to the acute setting and to optimize CPS data transfer across settings. Ultimately, an adjusted CPS scale should not only be applicable in the acute setting, but also be exchangeable across clinical settings. To this end, CPS patient data in various settings will need to be obtained.
The demand to gather data of geriatric patients for research, 42 and for regulatory and monitoring purposes is growing rapidly. Widespread implementation of the interRAI portfolio would imply possibilities of large-scale benchmarking making reliability, validity, and feasibility studies become essential. In addition to data obtained with the inter-RAI AC, 18, 20, 43, 44 a spectrum of clinimetric testing will have to be carried out to get a wide body of evidence.
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CONCLUSIONS
In an acute setting, the CPS derived from the interRAI AC/Minimum Data Set is able to discriminate between cognitively intact patients and those with severe cognitive impairment. However, unlike promising results in residential and community settings, the CPS only performs moderately in differentiating between different levels of cognitive impairment in older inpatients.
